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FOREWORD 

The wind tunnel data discussed in this report were obtained 
as part of a study of Supplementary Lift for Air Cushioned Vehi- 
cles for the U.S. Army Transportation Research Command (USATRECOM) 
under Contract DA 44-17 7-TC-708.  The results of the contract 
study are included in TCREC 62-50 (Vol. II - Data Analysis) and 
TCREC 62-51 (Vol. Ill - Performance Analysis).  Volume I - Basic 
Data Report is available from USATRECOM on a loan basis only. 

The author would like to acknowledge the aid of Mr. Norman K. 
Walker, whose ideas form the basis for the data correlation method 
presented herein, and to Miss Ellen Jungclaus, who patiently waded 
through the reams of data to plot the graphs presented in this 
report. 
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SUMMARY 

This report discusses some effects of forward speed on air 
cushion vehicle  performance.  It is shown that at a given forward 
velocity (dependent on height and mass flow) the forward jet is 
blown rearward.  At higher velocities considerable performance 
improvement could be attained by turning off this jet. 

The force and moment data are found to correlate very well 
with the ratio  q /q , (pV ah/2m)2. 

, . . Research Department 
1-3.3. RM-218 

November 1962 



TABLE OF CONTENTS 

Item Page 

Introduction  1 

Discussion  ,  4 

Development of Correlation Parameter   5 

Force Data  ,  7 

Pressure Data  8 

References  10 

Appendix - Estimate of Mound Flow Data at 7.5-Inch Height . 11 

rv Research Department 
8M-218 
November 1962 



LIST OF ILLUSTRATIONS 

Figure 

I 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

Page 

Photograph of Model in Wind Tunnel     14 

Photograph of Model Showing Replaceable Leading 
and Trailing Edge Nozzles      15 

Variation of  CT - CT   with q^/q       16 

Variation of  CT q /q  with q /q      17 L o  c        o  c 

Variation of  C_ - C_  with q /q      18 D   Do       ^o ^c 

Variation of  (CL. - C,, ) /C^   with q /q  . .    19 v D   Do'  Dmom       ^o ^c 

Variation of  (C - C )  with q /q       20 v m mo/ no  nc 

Base Pressure  Data,     h =   7.5,   t,   =   .94, 
J 

0. = 0, 10000 rpm     21 

Base Pressure Data,  h = 7-5, t. ■ .94, 
J 

0. = 30, 10000 rpm     22 

Base Pressure Data,  h = 7.5, t. = .94, 
J 

0, = -30, 10000 rpm    23 

Base Pressure Data,  h = 5.0, t, « .94, 

0. = 0, 10000 rpm    24 

Base Pressure Data,  h - 5.0, t. = .94, 

0. - 30, 10000 rpm. Leading Edge Jet Off ..   25 

Base Pressure Data,  h = 5.0, t. - .94, 

0. -» -30, 10000 rpm. Leading Edge Jet Off .   26 

Research Department 
RM-218 
November 1962 



Figure Page 

14 Base Pressure Data,  h = 5.0, t. = .94, 

0. - -30JF, 10000 rpm. Leading Edge Jet Off .  27 

15 Bat,e Pressure Data,  h = 2.5, t, = .94, 
J 

d.   = 0,   10000 rpm    28 

16 Base Pressure Jata,     h = 2.5, t, = .94, 
J 

ü.   = 0,   7300 rpm   29 

17 Base Pressure Data,  h = 2.5, t. = .94, 

6.   = 0, 4700 rpm    30 

18 Base Pressure Data,  h = 2.5, t. = .94, 

0. = 30, 10000 rpm    31 

19 Base Pressure Data,  h = 2.5, t. = .94, 
J 

0. = 30, 7300 rpm    32 

20 Base Pressure Data,  h = 2.5, t. = .94, 

0. = - 30, 10000 rpm   33 

21 Base Pressure Data,  h = 2.5, t. = .94, 
J 

0. = -30JF, 10000 rpm   34 

22 Base Pressure Data,  h = 2.5, t, - .94, 

0. = 30, 7700 rpm. Leading Edge Jet Off   35 

23 Base Pressure Data,  h = 2.5, t. = .94, 

0. = -30, 7700 rpm. Leading Edge Jet Off   36 

24 Base Pressure Data,  h = 2.5, t. = .94, 

0 .j = -30JF, 7600 rpm. Leading Edge Jet Off . . 37 

... Research Department 
V], RM-218 

November 1962 



Figure Page 

25 Extrapolation of Mound Flow Data, Drag    38 

26 Extrapolation of Mound Flow Data, Lift    39 

. . Research Department 
Vll RM-218 

November 1962 



LIST OF SYMBOLS 

a width of base (2 ft), includes jet 

b length of base (4 ft), includes jet 

o J      ec-   • Drag Cn        drag coefficient,  —5— 
^o b 

CT        lift coefficient,  —rp 
no b 

„                         ..   , .            rrr. .    Pitching Moment C„        pitching moment coefficient r—r  
no b 

positive nose up. 

mV 
Cn        momentum drag coefficient 

> 

D .„0 q s, 
mom o b 

C. length of peripheral jet (8 ft) 

mVj 
C jet momentum coefficient —r— 
^ qoSb 

h height, measured to base of model 

K constant 

m mass flow in slugs/sec 

p total pressure of peripheral jet above ambient 

q free stream dynamic pressure 

q dynamic pressure at "critical velocity" 

2 
S, base area (8 ft ) includes jet 

t. jet thickness 
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V free stream velocity 

V "critical velocity" 

V. mean jet velocity 

ß free stream cushion force parameter 

0, jet angle, measured from vertical, positive inward 

p density of air 

Subscripts for Lift, Drag, and Pitching Moment Coefficients 

BG simulated jet attached to ground 

BM simulated jet attached to the model 

o basic model in ground effect, but no jet blowing 
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INTRODUCTION 

In February 1961, the Grumman Research Department initiated 
a study for the U.S. Army Transportation Research Command 
(USATRECOM) on Supplementary Lift for Air Cushioned Vehicles 
(Contract No. DA 44-177-TC-708).  During this study (Refs. 1,   2, 
and 3) wind tunnel tests were conducted on a three-dimensional, 
half span, reflection plane model (Fig. 1) with an 18 per cent 
thick modified Clark Y profile.  Air supply for the peripheral 
jets was piped up through the tunnel floor.  The leading and 
trailing edges were removable (Fig. 2) in order to be able to 
vary the jet configuration readily by replacing the nozzle blocks. 
When these nozzle blocks were utilized, the wing-chord to ground- 
effect-base chord varied (in relation to the basic configuration) 
with jet deflection angle, but not with jet thickness.  The ground 
effect base area varied because of this procedure  (-2.3% for 
0j = 30°, +2.7% for öj = -30°).  The height size parameter for the 
various configurations and heights discussed in this report are 
tabulated on the following page. 

One particularly annoying factor in the data analysis was 
the apparent scatter of the drag and moment data when plotted 
versus the standard jet momentum coefficient  Cn.  (The lift data 
correlated well with C .)  This apparent scatter was attributed 
to the tares in the ducting system and the variation of jet flow 
distribution with forward speed.  It is the purpose of this re- 
port to rectify that assertion and present the drag and moment 
data for the symmetrical jet configurations.  It is apparent now 
that the scatter in the data was not due to the test setup (true - 
that contributed somewhat), but to the fact that the data are-not 
a function of C^,  but a function of 

pV ah 

V^ - (rir) • 
The development of this parameter, originally proposed by N. K. 
Walker (Ref. 4), is discussed in a later section of this report. 
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1   h Configuration 
t./e. 

hC./4Sb 1 

2.5 .94/0 .052 

.94/30 .0532   | 

.94/-30 .0506 

.47/0 .052    1 

1.41/0 .052    I 

1 5.0 .94/0 .104 

.94/30 .1064   1 

.94/-30 .1012 

.47/0 .104 

1.41/0 .104 

7.5 .94/0 .156   i 

.94/30 .1596 

.94/-30 .1518 

.47/0 • 156   | 

1.41/0 .156 
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This report mainly analyzes the model configurations with 
symmetrical leading and trailing edge jet nozzles.  The force 
data are presented in coefficient form as a function of the above 
parameter.  Pressure data, taken along the base of the model, are 
also presented in order to clarify or illustrate what happens to 
the air cushion as speed increases. 
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DISCUSSION 

Reference 2 discusses the geometric characteristics of the 
model used during the wind tunnel study of supplemental lift for 
air cushioned vehicles.  The smooth-airfoil shaped model was 
chosen in order to eliminate some aerodynamic variables and 
facilitate evaluation of the wind tunnel data.  Two types of 
tests were conducted with the air supply system turned off and 
(when applicable) the peripheral jet nozzles taped shut. 

The first of these tests determined the basic aerodynamic 
characteristics of the model at zero angle of attack in proximity 
to the ground.  For these tests the peripheral jets were taped 
shut to present a smooth undersurface.  Data from these tests are 
tabulated below. 

h 
o 

CD o 
Cm    ! 0   i 

2.5 .1147 .0441 .0329  i 

5.0 .0761 .0377 .0294 

7.5 .0671 .0403 .0224 

Additional aerodynamic data, with the model at various angles of 
attack, were gathered in a later portion of this test series, but 
these are not of interest for this report. 

The second set of tests evaluated the aerodynamic character- 
istics of the model with a simulated jet.  These are called 
"mound flow" tests.  The jet curvature, or shape, of the ACV in 
the hovering mode was replicated with solid material.  Two con- 
ditions were evaluated.  One of these conditions had the simula- 
ted jet attached to the model while the other had the jet at- 
tached to the ground,  (In the former condition, forces acting 
on the simulated jet are transmitted to the model, while in the 
latter tests they are not.)  The data from these tests are tabu- 
lated on the following page. 
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h 
\a \o ""BG SM CD

BM 
C 
"'BM 

2.5 .41 .024 .05 .43 .067 .046 

5.0 .58 .045 .065 .58 .105 .055 

7.5 .0761* .691* .1435* 

it 
Estimated, see Appendix. 

The data tabulated for the 7.5-inch height were estimated on 
the basis of data at the lower heights. The estimation procedure 
is discussed in the Appendix. 

Development of Correlation Parameter 

The first tests at Grumman on the forward speed characteris- 
tics of Air Cushion Vehicles were conducted during 1959, Ref. 5. 
At the time of testing, we were more interested in the effect of 
forward speed on the jet than in the effect of planform on the 
forward speed characteristics.  As a result, the model tested was 
a quasi-two-dimensional representation of an annular jet, and 
represents the stagnation point in a three-dimensional model.  It 
was determined at that time that there was a direct relationship 
between the ^b^io rati0 that had correlated the two-dimensional 
hovering data  (AP^/q^Q  is a function of jet geometry and height 
only) and the ratio  q /AP^  (free stream dynamic head divided by 
base pressure).  The results of these tests indicated that the 
forward jet remains intact until the dynamic head due to forward 
speed is slightly greater than the base pressure; thereafter there 
is an approximately linear increase in base pressure with forward 
speed dynamic head.  However, these tests represented the jet 
stagnation point, and did not include the effects of planform 
shape. 

Two particular factors discouraged us from using this as a 
correlation parameter in our work.  First of all, the results of 
our pressure data indicated a strong variation of base pressure 
distribution with forward speed.  Second, since our jets were fed 
from a common source, the jet flow distribution also varied with 
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forward speed.  This latter factor was given in Ref. 2 as one of 
the reasons for our apparent scatter when attempting to correlate 
the drag data with jet momentum coefficient Cu. 

Mr. Norman K. Walker, ACV consultant to USATRECOM and ONR, 
has recently proposed a new parameter for correlating the force 
data from ACV wind tunnel tests, and for use in predicting the 
forces acting on an ACV at forward speed.  This was first dis- 
cussed during one of our personal contacts, and later at the 
IAS-NAVY National Meeting on Hydrofoils and Air Cushion Vehicles 
(Ref. 4).  In particular, the velocity at which the external flow 
begins to pass below the base is defined as the "second critical 
velocity."  (A premature transition can occur first when q0 = pt:, 
if h  is small.)  This second critical velocity is calculated 
to be 

V c 
/■2m \  /" K ^s __ 2m 
Lpha^ VC^ ~ pha 

if K/CQ is chosen as  1.0.  (Actually, according to Mr. Walker, 
K decreases with height, see Ref. 4.) 

The ratio of free stream dynamic head to the dynamic pressure 
of the second critical velocity is then 

q    pV ha ^o  z'  o 
qc 2m J 

When QQ/^C equals  1.0,  the mass flow of air attempting to 
enter the cushion due to free stream equals twice mass flow of 
air encompassing the cushion from the jets. 

Although we are not completely satisfied with the derivation 
of this parameter, the results presented in Ref. 4 and our own 
results (discussed in the next section) certainly verify the 
selection of the variables in q0/qc as a correlation parameter 
for ACV wind tunnel test results. 
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Force Data 

Figures 3 through 7 present various forms of the force data 
(lift, drag, and pitching moment coefficients) as functions of 
q0/qc.  For each jet configuration, three values of mass flow at 
each of three velocities (nine combinations) were tested.  The 
force data correlation is excellent. 

The variation of  CL - CL0 with qo/^c  ^or three jet 
angles is presented in Fig. 3.  The effect of jet angle is seen 
to be most predominant at the lower values of q0/qc.  The mound 
flow data presented on these curves are the jet simulation re- 
sults with the simulated jet attached to the model.  The mound 
flow value of  CL - CLO i-s  approximately equal to the total 
model  CL at  q0/qc  equal to  1.0.  Multiplying  CL by q0/qc 
and plotting versus  qo/^c produces an interesting result. 
Fig. 4.  First of all, the effect of jet angle is more distin- 
guishable, even at the  7.5-inches height.  It can also be seen, 
that at qo/^c  less than 1.0,  the slope of the ^qo/qc curve 
is approximately equal that of the mound flow data (range of 
q0/qc  depends on height).  At  qo/^c  greater than  1.0,  the 
slope of the  CLq0/qc gradually decreases, and should equal that 
for the basic model at very high  q0/qc. 

The variation of CQ - CQ0    with qo/^c ^s  Presented in 
Fig. 5.  These data are very encouraging since, when we plotted 
this same data versus  C,,  there seemed to be excessive scatter. 
The mound flow data (simulated jet attached to the model) are 
also shown on this plot.  There are, however, some discrepancies 
between these data and the results of Ref. 4.  Our drag does not 
peak (and equal mound flow drag at the peak) at  q0/qc equal to 
1.0,  and then decrease proportional to 1/V0.  Instead, our re- 
sults increase with q0/qc and are approximately constant at 
large  q0/qc. 

The parameter  (CD - C^^ /Cjymom,     suggested in Ref. 4 has 
been presented in Fig. 6, using our data.  CJ^QJJJ is the theoreti- 
cal momentum drag coefficient. 

mV o 
Dmom   q S, Mo b 
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Again, our results are in a form similar to that presented in 
Ref. 4, but the scatter among  (CD - Cjio)/Cjymom    is considerably 
greater than when C Dmom is omitted, 

The last of the force data, the variation of  (Cjn - Cm,-,) 
with q0/qc,  is presented in Fig. 7.  For each height, all the 
force data fall on one pair of curves.  There is a consistent 
discontinuity in curves presented.  The values of  q0/qc,  for 
which this discontinuity occurs, are tabulated below. 

h q /q Mo  nc 

2.5 

5.0 

7.5 

.105 

.4 

.75 

It is at these values of  qo/^c  that a significant variation of 
flow pattern occurs.  The base pressure data also indicate this. 

Pressure Data 

Base pressure distribution at four spanwise locations are 
presented in Figs. 8 through 24 for various configurations and 
heights. The data do confirm the basic change in flow pattern 
at specific values of  q0/qc,  as indicated previously. 

Figures 8 through 10 present base pressure distribution at 
7.5-inches height.  There is a continual change in pressures 
(both magnitude and distribution) as  qo/^c  increases»' but a 
radical change takes place between QO/IQ    

0^ ^-S and 0.8. 

Figure 11 shows this change occurring at  QQ/^C between 
0.3 and 0.4  for h = 5.0  inches.  If the leading edge jet is 
turned off, however, this radical decrease in base pressure at 
forward portion of the base does not occur. Figs. 12 through 14. 
Actually therefore, the leading edge jet at these values of 
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q0/qc  (and above) is detrimental,  Not only would you waste 
power (25 per cent for this configuration) by keeping the leading 
edge jet on unnecessarily, but you would suffer a loss in lift 
as well. 

Base pressure data obtained for these same configurations 
at  2.5-inch height also verify this. Figs. 15 through 24.  The 
pressure data indicate that, at this height, the change in flow 
pattern occurs at values of qo/^c  slightly greater than 0.10. 
(This was also indicated by the pitching moment data.)  For 
q0/qc greater than 0.1,  there is a decrease in base pressure 
at the forward parts of the base as qo^c *-s  increased further. 
This is illustrated in Figs. 15 through 21.  However, if we turn 
the leading edge jet off, as illustrated in Figs. 22 through 24, 
there is a continual increase in base pressure as  QQ^C  ^n~ 
creases. 
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APPENDIX 

ESTIMATE OF MOUND FLOW DATA  7.5-INCH HEIGHT 

This discussion of the estimating procedure for mound flow 
data (in particular lift and drag) at  7.5-inch height is pre- 
sented here mainly because of one associated parameter, developed 
along with the estimate.  This parameter,  ß,  could be very bene- 
ficial in an analytical investigation of ACV lift and drag. 

Two types of mound flow tests were conducted.  In the one 
type, the simulated cushion was attached to the model and in 
proximity to (but not touching) the ground.  As a consequence, 
forces acting on the simulated cushion are transmitted to the 
model.  The force coefficients in this case are subscripted BM. 
In the other type, the simulated cushion was attached to the 
ground and in proximity to (but not touching) the model.  The 
force coefficients in this case are subscripted BG.  These co- 
efficients have been tabulated on page 5. 

For both types of mound flow tests, the flow pattern around 
the model should be identical.  This is illustrated below. 

In general, we would expect the drag forces acting on the simula- 
ted cushion to be a function of the free stream momentum.  We 
write this as. 

D .   = ß'pV^ah - ßq ah Sim     ' o      o (1) 
Gush 

11 
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ß    depends on height and planform shape 
efficient form,  we find 

Rewriting  in co- 

'D = ß lahl 
Sim 
Gush 

We can then calculate  ß  from the data obtained at 2.5-and 5.0- 
inches height.  This is tabulated below. 

h ah 
Sb SM \o 

ß 

2.5 

5.0 

.05208 

.1042 

.067 

.105 

.024 

.045 

.8143 

.5758  ! 

Figure 25 presents a plot of  CT ß, and iCD 'DBM
J
  DBG'  '      '^o 

versus height.  The data points are shown with symbols, and solid 
lines connect these points.  Dashed lines are used to show the 
extrapolation.  First of all, we require that 

= C, 
BM EG 

2CD 
at h = 0 

This intersection point is found by a straight line extrapolation 
of Gn   from h = 5.0 and 2.5  inches to h = 0,  and a con- 

tinuation of the curve passing through the three given ^Gj) 

points.  Secondly, examination of Eq. (1) indicates that it is 
reasonable to require  ß' =1.0ath=0.  This results in 
ß = 2 at h = 0.  The equation 

ß = 2e -.56h
2 

(2) 

12 
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fits the data points at h = 0, 2.5, and 5.0.  From Eq. (2), 
ß ■ 0.4312 at h - 7.5 inches.  Continuation of tl|e straight 
line extrapolation for Cp   results in Cn      = 0.1435 at 

BM ^BM 
h = 7.5 inches.  Consequently, 

Cn  = Cn  - ß 4r - -0761 , 
DBG    DBM     % 

at  7.5-inches height. 

Comparison of the two types of mound flow data for lift 
indicate that the forces acting on the simulated air cushion do 
not contribute to lift.  We do, however, require that at h = 0 
C,   = C, .  C,   at h = 0  is found by extending the curve 

o    o 
passing through the three given CL  points.  CL   at  7.5 

inches is found by extending the curve passing through the given 
data at 5.0 and 2.5 inches, and the value of  CL  at h = 0. 

This is illustrated in Fig. 26. 
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Fig. 1 Photograph of Model in Wind Tunnel 

. . Research Department 
14 RM-218 

November 1962 



"0 
d 
cO 

&o e 
• i - l 
-a 
to <u 
J 

<u 
r—1 
£> 
CtJ 
0) 
o 
to 

•—1 
a 
Q) 
od 
60 
C 

•H 

o 
X w V) 

a) 
T—1 T—1 a) N 
T3 N 
O O 

S S3 

H-l a) 
O 60 -a 

X M a 
cO 60 u G 
bO •r^ 
O r—1 
4J •H 
O 
X U 
PL, H 

Research Department 
1 5 RM-218 

November 1962 





u 

u 

o 

u 
> 

ro 

16 





u 
er 

o 
er 

,-) 
L3 

'.-3 
■H 

> 

•r-l 
fa 

17 





ü 
er 

er 

42 
■U 
•r-l 
5 

o 
rO 

'4-1 
0 

o 
•r-l 
■U 
cC 

•H 
)-l 

> 

18 





o er 
o er 

B o 

o 

o 
Q 

O 

O 

14-1 
o 
c o 

•r-l 
-U 
CO 

•r-l 
U 
CO 
> 

•W 

19 





i 

cr 

u 
•r-t 

I 

u-i 
0 

c 
o 

•r-l 

> 

■r-t 

20 





o 
o 
o 
o 

o 
II 

a 
CD 
M 
3 

CO 

a 
S-l 

O-i 

CO 
P3 

00 

21 

i 





u 
o 
o 
o 
o 

o 

II 

CT3 

CO 

p-l 

cu 
M 

a> 

•H 
fa 

22 



:;:t-:: i_liL-^-L„    L     : -_J_      I . _L i 



e a, 
5-1 

O 
o 
o 
o 

o 
I 

II 

•r 
U 

*\ 
LO 

II 

4= 

Q 

0) 

w 
CO 

0) 
(-1 

cu 
en 

23 





E a, u 
o 
o 
o 
o 

o 
ii 

o 

II 

u 
CO 
Q 

0) 
M 

CO 

OJ 
u 

PH 

OJ 
M 
cö 

W) 

fa 

24 





s a 

o o o o 

o 

o 
LO 

II 

x: 
m 

^ 14-1 

cO 0 
JJ 
crt 4J 
Q O.J 

'-) 
o 
S-i QJ 
3 (50 
w -a 
Cfl u 
cu 
M M 

O-i c 
•H 

0) T3 
w CO 
cfl <U 

PQ KJ 

rg 

bC 

25 





0 
P- 
U 

o 
o 
o 
o 

o 
CO 

I 

o 
in 

II 

Xi 
U-l 

r\ m 
ca o 
u 
en -u 
Q C!J 

'-J 
OJ 
S-l o 
3 an 
M 13 
CO w 
OJ 
S-i M 

PH C 
•r-l 

0) T3 
uo cfl 
cd OJ 

PQ -4 

ro 

00 

26 





6 a 

O 
o 
o 
o 

DM 
>-) 
O 

I 

O 

u-1 

U-l 

fl O 
■u 
m 4-J 
Q cu 

n 
a 
M 0) 
3 Cß 
m T3 
en w 
OJ 
M ü0 

PH Ö 
•r-l 

0) -a 
w cfl 
n3 <u 

PQ HJ 

00 
•t-l 

27 



::::::::::::::::::::::::;:::!!!::::!:!!:::::::!:!!!!!:!!::!::!!!! !!!!::!!S!:::::::::;:!!!!!:s!!!!s:!!:!!!!S!!!!S!!!!!S!!!!!!!!!:! ;;;;:;;;;:!:::::!!!■!!!:!::::! 



6 ex 
u 
o o o o 

CTi 

Csl 

II 

cfl 

0) 

M 
Cfl 

0» 
u 

(U 
CO 

cö 
PQ 

in 
r-( 

fa 

28 



■ jiiiiii '■■■■«■■ ««■■■■■ !•••■■■■ ijilülü iiSii 
::::::.:* 
::»»::: 

iH        i 

ii!!i;:il!!ill!i;!l!ill!;ili[!!!il !i:hiiiiiiii:;]»iii»LiiHiin;;[!iiiiii;:n 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,:■.:::- . -.'Mtr-,-;;;;•. ,.:;jv;:;;;r/.,^!.j;-,? .SV.J:;;:  i -. •; 



«■■■■■■■■■■■■■«■■■■■■■■■■•■■■■■■■«■■■■■■■■■■••■■•I   mm»mmmmmm»mmm»M 
::::::::::::::::::::::::::::::::./::;: r.-:::::: ::::::::::::::: 
::::!::: ;;: :::::::::::...::..:..;:::::: ::;::::::::::!: 

'■•■■••■••■!•••■■■•••••■••••••■"•••■•■••»•••••■•■■••••■••■••■•••■• 

»mmmwmmm» »mmmmmmm 

i:::::;:l!:J!l?j? 
ü:::;.;...;..::. 

::::::::;::: fr::::?;;?::;;::::::::' 
jt f At »mt 1 »Am   . ä •■■' r f  .«■■■«■«■••■ai 

■■■■■■■■■••■■■•«■■■•■■■■ ■■■■■■«•■■■■•■■■■••■■■■a 
•■■■■■■■■■•■•«■■•■■■■■■■ 

liiiilllli:!:!!;!!!!:!!! 
Irr " 4- 

m i An - 
: ;   TTf 

.  - 
 .--... 

m \ , £ 

s 
OH 
u 
o 
o 
CO 

o 
II 

ll 

•f- 

m 
CM 

ll 

■s 

cö 
■u 
CO 
Q 

0) 
u 
0 
w 

0) 
u 

CM 

(U 
CO 

CO 
PQ 

vO 
r-l 

i-l 
b 

29 



gigaia 



e a, 
u 
o 
o 

ll 

•r 

II 

-u 
Q 

0) 
M 

w 
cß 
0) 
M 

P.* 

OJ 
en 
cd 
P3 

•H 
fa 

30 



^tYF?^S13&g 



B 
a u 
o 
o 
o 
o 

o 

ii 

•p 

•u 

u-l 

CM 

cd 

Q 

CD 
u 
M 
cn 
0) 
M 

a> 
w 
(0 

pa 

00 

31 





e a. u 
o 
o 

o 

Csl 

u 
cd 
Q 

a> 
M 

cfl 

a) 

öd 

32 





a 
a- 

o 
o 
o 
o 

o 
i 

CO 
Q 

cu 
u 
f> 

u 
CM 

0) 
w 
CO 

o 
CN 

ftO 

fa 





6 
u 
o 
o 
o 
o 

o 
i 

■u 

Q 

a) 
u 

P-, 

o 

•r-l 

34 





e 
u 
o 
o 

O 
en 

U-l 
^ m 

cfl o 
■U) 
cfl -u 
Q 0) 

^ 
0) 
(-1 <u 
3 tn 
en -a 
en w 
OJ 
M bO ex. C 

•rl 
OJ -O 
U5 a) 
tfl a> 

PQ hJ 

CN 
CN 

bO 
•r-l 
fa 

35 





e 
ex 
5-1 

o o 
r-- 

o 
i 

in 

CO O 
4J 
CO 4J 
Q a) 

0) 
f-l 0) 
0 00 

co W 
0) 
U M 

P-c C 
•H 

0) 13 
W CT3 
CO CU 

CO HJ 

en 
CM 

•H 

36 





s 

o 
o 

fa 
<-l 
O 

i 

ON 

m 

OJ 

II 

X 

UM 
*v LW 

CO o 
■u 
ct) 4J 
Q 0) 

•-J 
QJ 
M 0) 
d &D 
7J T3 
w W 
0) 
^ bO 

CM C 
•r-l 

0) X) 
w CO 
CO OJ 

CQ ►J 

O- 
CM 

öö 
•^ 
fc 



Fig. 25  Extrapolation of Mound Flow Data, Drag 
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Fig. 26  Extrapolation of Mound Flow Data, Lift 
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